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Introduction
Salinity considerably limits the productivity of glycophytes, which are the majority of agricultural products. Salinity stress exerts adverse effects on germination, and it compromises the growth, development and survival of plants. Unlike halophytes, which are salt-tolerant plants, crops such as rice, wheat and barley are salt-sensitive species (glycophytes). Barley is more salt tolerant than rice and wheat (Munns & Tester 2008) . Salinization results mainly from human activities such as irrigation due to the use of brackish water. More than 45 million hectares of irrigated land worldwide (about 20% of global land area) has been damaged by salt, and 1.5 million hectares of land is taken out of production each year due to high soil salinity (Munns & Tester 2008; Gupta & Huang 2014) . Salinity stress exerts harmful effects on plants, including osmotic stress, ionic toxicity, oxidative stress and generation of reactive oxygen species (ROS). Increased production of ROS causes damage to proteins, lipids, RNA and DNA (Ahmad et al. 2012) . Salinity stress induces various physiological changes, such as cell membrane injury, nutrient imbalance, enzymatic inhibition and photosynthetic dysfunction (Rahman et al. 2016) . At the molecular level, plants respond to salinity by increasing the production and accumulation of ABA in tissues (Xiong et al. 2002; Sah et al. 2016) . ABA inhibits plant growth and development, and this plant stress hormone modulates the expression of salt and water deficit-responsive genes (Wani et al. 2016) . ABA can also regulate gene expression, both at transcriptional and translational level (Bray 2002) . Salinity stress generally decreases translational activity in stressed plants. One of the earliest salt-induced metabolic changes involves the breakdown of polysomes to monosomes (first hour of exposure to salt stress), followed by decreased protein synthesis and the accumulation of free amino acids (such as proline), (Melamed et al. 2008) . Polysomes are a dynamic component of the translational machinery in plant cells. They come in several forms, including free polysomes (FP), membrane-bound polysomes (MBP) and cytoskeletonbound polysomes (CBP). Some authors provided evidence for the existence of a fourth form of polysomes in plant cells, namely cytoskeleton-membrane-bound polysomes (cytomatrixbound polysomes, CMBP) (Davies & Abe 1995; Abe et al. 2003) . Little is known about the effect of salinity on the formation of different polysomes. The aims of this study were: (1) to examine the influence of salt stress on changes in the distribution of different polysome fractions (FP, MBP, CBP, CMBP), and (2) to evaluate changes in the responses of saltstressed plants pretreated with ABA.
Materials and Methods

Plant material and germination conditions
The experiment was conducted on barley (Hordeum vulgare) caryopses cv. Stratus supplied by the Plant Cultivation Station in Strzelce. Seeds were surface disinfected in 0.5% sodium hypochlorite for 20 minutes and washed with sterilized water. Twenty intact grains were placed on two layers of grade 1 Whatman paper (Whatman, Midstone, Kent, UK) in a Petri dish (ø 9cm) and were germinated in darkness at 20 o C under various conditions. Caryopses were germinated in distilled water for 24 hours, followed by 100mM NaCl for another 24 hours (salinity stress, SS) -Fig 1. Seeds were also incubated in 100μM of abscisic acid for the first 24 hours, then rinsed with distilled water to remove residual ABA, and subjected to 100mM NaCl for another 24 hours (ABA pretreatment + salinity stress, ABAS). Seeds germinated in distilled water only were the control (C). Dry weight was determined by drying 200 mg of fresh embryos/germs in an oven at 105 o C for 24 hours.
Fig 1: Seed germination conditions
Polysome isolation and quantification Cytoskeleton-stabilizing buffer C (Abe and Davies 1991) containing 5mM HEPES, 10mM Mg(OAc)2, 2mM EGTA and 1mM PMSF adjusted to pH 7.5 with 9.8mM of KOH was used for the isolation of cytoskeleton fractions from barley caryopses after 48 h of germination. The buffer supports sequential isolation of four polysome fractions (Davies & Abe 1995): free polysomes (FP), membrane-bound polysomes (MBP), cytoskeleton-bound polysomes (CBP) and cytoskeleton-membrane-bound polysomes (CMBP). All fractions were layered on a 0.5 ml pad of 50% (w/v) sucrose in buffer B (50mM Tris-HCl, pH 7.5; 20mM KOAc, 10mM Mg(OAc)2) and were centrifuged for 1.5 h at 300,000g in the Beckman SW 55Ti rotor. Polysomal pellets were rinsed in water and resuspended in 350μl of 0.5% PTE. Resuspended polysomes were centrifuged at top speed (approximately 18,000g) for 2 min in a microfuge, and 0.2 ml aliquots were layered on 15% to 60% (w/v) linear sucrose gradients in buffer B and centrifuged at 300,000g in the Beckman SW 55Ti rotor for 45 min. The gradients were scanned at 254nm on a UA-5 flow recorder (ISCO, Lincoln, NE, USA) to display subunits, monosomes and polysomes. All operations were conducted at 0-4 o C. The applied methods were described in detail in an earlier paper (Weidner et al. 2003) . Polysome levels were determined by measuring the area under the polysome profile after subtracting the gradient baseline OD (absorbance of the gradient loaded with 1 ml of the extraction buffer). Ribosomes were quantified on the assumption that the absorbance of 1% ribosome solution (measured in a cuvette with 1 cm optical path at 260 nm) equals 13.5 (Gualerzi & Cammarano 1969) .
Results
The ribosome content of every analyzed polysome fraction (mg/g DW) was calculated according to the method proposed by Gualerzi and Cammarano. The FP, MBP, CBP and CMBP profiles were used to determine the percentage of effective polysomes in each fraction (Fig. 2) , and the actual content of FP, MBP, CBP and CMBP polysomes (mg/g DW) was calculated in the tested tissues (Fig. 3) . The values of FP, MBP, CBP and CMBP were compared between SS and control treatments, and ABAS and SS treatments. The observed changes between the compared samples were analyzed statistically in Duncan's parametric test, and the results were regarded as statistically significant at p ≤ 0.05.
A profile sedimentation analysis revealed downregulation of polysome formation under stress conditions (Fig. 2) . The formation of MBP was strongly inhibited, and a decrease in CBP and CMBP levels was also noted. The concentrations of free monosomes and ribosomal subunits increased in SS treatment, which led to a decrease in free polysome content. ABA pretreatment increased CBP and CMBP levels, which were even higher than in the control treatment. A decrease in FP content and no changes in MBP levels were observed in ABAS treatment (Fig. 2 ).
An analysis of the total content of polysomes in each fraction (FP, MBP, CBP and CMBP) from different treatments revealed (1) a significant increase in FP content and a decrease in MBP, CBP and CMBP levels in SS treatment; and (2) an increase in CBP and CMBP content and a decrease in FP levels in ABAS treatment (Fig. 3) . Our results suggest that plants respond to salt stress by increasing the concentrations of free polysomes, monosomes and ribosomal subunits that are probably released from damaged cell structures, mainly membranes. However, the high percentage of cytoskeleton-bound polysomes in the CBP fraction could indicate that this fraction plays the key role in protein synthesis during salinity stress.
Our present and previous findings indicate that ABA could inhibit the release of FB in stressed plants by enhancing polysome binding to the cytoskeleton. In our previous study, ABA pretreatment increased the content of cytomatrix-bound polysomes, which are strongly bound to both the membrane and the cytoskeleton (Szypulska & Weidner 2011). We also found that exogenous abscisic acid improves the stability of polysomes, possibly due to the high content of bound cytoskeletal structures (Weidner et al. 2006) . Our results suggest that ABA could contribute to higher salt tolerance by regulating polysome distribution and stability in plant cells, in particular by increasing the content of cytoskeleton-bound fractions.
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